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S U M M A R Y
Objectives: Matrix-assisted laser desorption/ionization time-of-ﬂight mass spectrometry (MALDI-TOF
MS) is a fast and reliable method for the identiﬁcation of bacteria. A MALDI Sepsityper kit is generally
used to prepare samples obtained directly from culture bottles. However, the relatively high cost of this
kit is a major obstacle to introducing this method into routine clinical use. In this study, the accuracies of
three different preparation methods for rapid direct identiﬁcation of bacteria from positive blood culture
bottles by MALDI-TOF MS analysis were compared.
Methods: In total, 195 positive bottles were included in this study.
Results: Overall, 78.5%, 68.7%, and 76.4% of bacteria were correctly identiﬁed to the genus level (score
1.7) directly from positive blood cultures using the Sepsityper, centrifugation, and saponin methods,
respectively. The identiﬁcation rates using the Sepsityper and saponin methods were signiﬁcantly higher
than that using the centrifugation method (Sepsityper vs. centrifugation, p < 0.001; saponin vs.
centrifugation, p = 0.003).
Conclusions: These results suggest that the saponin method is superior to the centrifugation method and
comparable to the Sepsityper method in the accuracy of rapid bacterial identiﬁcation directly from blood
culture bottles, and could be a less expensive alternative to the Sepsityper method.
 2016 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Detection of the agents responsible for bloodstream infections
is one of the most important tasks performed by the clinical
microbiology laboratory. Shortening the turnaround time of
microbiological analysis by taking advantage of an automated
system for rapid identiﬁcation of bacteria leads to signiﬁcant
improvements in the morbidity and mortality of patients with
bloodstream infections while reducing the cost of medical care.1,2
In recent years, matrix-assisted laser desorption/ionization time-
of-ﬂight mass spectrometry (MALDI-TOF MS) has been attracting
attention as a tool for the automated identiﬁcation of microorgan-
isms. This device can identify microorganisms from prepared* Corresponding author. Fax: +0422 47 5651.
E-mail address: yonetani@ks.kyorin-u.ac.jp (S. Yonetani).
http://dx.doi.org/10.1016/j.ijid.2016.09.014
1201-9712/ 2016 The Author(s). Published by Elsevier Ltd on behalf of International So
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).samples in about 10 min, and the results obtained show a high rate
of concordance with 16S rRNA gene identiﬁcation. The efﬁciency,
rapidity, and cost-beneﬁt of this technique for the identiﬁcation of
blood-borne pathogens are well documented.3–5 More recently,
direct identiﬁcation instead of subculture from positive blood
culture bottles has been shown to contribute to earlier and more
effective treatment of septic patients.6,7 However, the relatively
high cost of the MALDI Sepsityper kit (Bruker Daltonics, Bremen,
Germany) used to prepare samples for direct identiﬁcation is a
major obstacle to introducing this technique into routine clinical
use. Therefore, a simple and less expensive method of sample
preparation for this technique is highly anticipated in clinical
microbiology laboratories.
The aim of this study was to evaluate the accuracy of direct
identiﬁcation of microorganisms by MALDI-TOF MS using an in-
house saponin method to prepare samples from positive blood
cultures. For this purpose, identiﬁcation rates of bacteria fromciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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(the Sepsityper, centrifugation, and saponin methods) were
compared.
2. Materials and methods
2.1. Sample
This study was performed between December 2013 and June
2014 at the Kyorin University Hospital in Tokyo, Japan. Blood
culture specimens that tested positive by BacT/ALERT 3D (Sysmex
bioMe´rieux, Tokyo, Japan) on weekdays during the study period
were included. Blood culture sets consisted of the BacT/ALERT 3D
aerobic/FA Plus bottle, the BacT/ALERT 3D anaerobic/FN Plus
bottle, and the BacT/ALERT 3D PF Plus bottle (Sysmex bioMe´rieux).
Broths from bottles showing positive blood cultures were
subjected to Gram staining. Following the exclusion of poly-
microbial events, cultures were subjected to further analysis.
MALDI-TOF MS analysis was performed for the direct identiﬁcation
of microorganisms from positive blood cultures according to the
manufacturer’s instructions, except for the sample preparation
methods described below.
2.2. Sample preparation methods
The following three methods for sample preparation were
compared in this study (Figure 1).
2.2.1. Sepsityper method
The Sepsityper kit preparation of positive blood culture broths
was performed according to the manufacturer’s instructions.
Brieﬂy, 200 ml of lysis buffer was added to 1 ml of positive blood
culture ﬂuid in a reaction tube. The tube was vortexed for 10 s prior
to centrifugation at 13 000 rpm for 1 min. The supernatant was
discarded, and then the pellet was suspended in 1 ml of washing
buffer. The tube was vortexed for 10 s prior to re-centrifugation at
13 000 rpm for 1 min. The supernatant was discarded once more.
The next step of ethanol/formic acid preparation was performed on
the pellet as described below.
2.2.2. Centrifugation method
A Serum Separator Tube (BD Diagnostics) was inoculated with
6 ml of broth from a positive blood culture bottle. The tube was
centrifuged at 3000 rpm for 15 min to sediment blood cells under
the separator gel. After the supernatant was discarded, the pelletFigure 1. Descriptions of the three preparation methods for direct ideremaining above the separator gel was resuspended in 3 ml of
sterile distilled water, mixed slowly, and transferred to a new tube.
Again, the tube was centrifuged at 3000 rpm for 10 min to pellet
the bacterial cells, and the supernatant was discarded. The next
step of ethanol/formic acid preparation was performed on the
pellet as described below.
2.2.3. Saponin method
Five hundred microliters of 4% saponin solution was added to
1 ml of positive blood culture broth in a 1.5-ml tube. The tube was
vortexed for 10 s, and then incubated for 3 min at room
temperature prior to centrifugation at 13 000 rpm for 1 min. The
supernatant was discarded, and the pellet was suspended in 1 ml
of distilled water. The tube was vortexed for 10 s prior to re-
centrifugation at 13 000 rpm for 1 min. The supernatant was
discarded once more. The next step of ethanol/formic acid
preparation was performed on the pellet as described below.
2.3. Ethanol/formic acid preparation
For each preparation method, the suspensions obtained from
the sample preparations described above were centrifuged at
13 000 rpm for 2 min, and the supernatant was discarded. The
pellet was centrifuged for another 2 min prior to removal of
residual ethanol. Sequentially, 2–50 ml each of formic acid (70% v/
v) and 100% acetonitrile were added to the pellet (depending on
the pellet size), and the samples were mixed thoroughly after each
reagent was added. The resuspension was centrifuged again at
13 000 rpm for another 2 min, and 1 ml of the supernatant was
spotted onto the steel target plate. MALDI-TOF MS analysis was
performed following air-drying of 1 ml of HCCA (a-cyano-4-
hydroxycinnamic acid) matrix solution placed onto dried sample
spots in duplicate.
2.4. Mass spectrometry
The analysis was performed using a Microﬂex LT MALDI-TOF
MS System (Bruker Daltonics, Bremen, Germany) equipped with a
60-Hz laser. The protein spectra obtained from the spectrometer
were processed using Bruker MALDI Biotyper v3.1 software
(Bruker Daltonics) and compared with reference spectra in the
database, with the 10 most similar patterns shown for each isolate.
The comparison is presented as a score (2.0 indicates identiﬁca-
tion at the species level, 1.7–1.999 indicates identiﬁcation at
the genus level, and <1.7 indicates no reliable identiﬁcation).ntiﬁcation by MALDI-TOF MS analysis of positive blood cultures.
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species and genus levels was considered successful when the score
was above 2.0 and 1.7, respectively.
2.5. Reference method for bacterial identiﬁcation
Conventional techniques were used as a reference method for
deﬁnitive identiﬁcation of the isolates. Samples were subcultured
on plates with 5% sheep blood agar (Eiken Chemical, Tokyo, Japan)
incubated at 35 8C in air, chocolate agar (Becton Dickinson Japan,
Tokyo, Japan) incubated at 35 8C in air supplemented with 5% CO2,
and Brucella agar HK (RS) (Kyokuto Pharmaceutical Industrial,
Tokyo, Japan) incubated at 35 8C anaerobically. The inoculated
plates were incubated for bacterial growth. The identiﬁcation of
each isolate on the plates was performed by Gram staining,
determination of catalase and oxidase activity, inoculation into the
BD Phoenix Automated Microbiology System (PHX system, BD
Diagnostics, Tokyo, Japan), and API 20E or API Rapid ID 32 STREP
testing (bioMe´rieux, Tokyo, Japan). In cases where the genus and
species could not be correctly identiﬁed with these methods, or
when the results obtained by the MALDI-TOF MS and conventional
methods were discordant, PCR and sequencing of the 16S rRNA
gene were performed for deﬁnite identiﬁcation, as described
previously.8
In addition, MALDI-TOF MS analyses were also performed on
subcultured colonies derived from the positive blood culture
bottles (‘indirect’ method) for comparison with the direct
identiﬁcation method.
2.6. Data analysis
The results obtained by MALDI-TOF MS using the three different
preparation methods were compared with the results obtained by
the conventional methods. When the results obtained by the
MALDI-TOF MS and conventional methods differed, 16S rRNA gene
sequencing was used to obtain ﬁnal results. Accurate identiﬁcation
by MALDI-TOF MS was deﬁned by results matching those of the
conventional method or results discordant with the conventional
method but matching the results of 16S rRNA gene analysis. The
identiﬁcation rate of MALDI-TOF MS was calculated by the number
of samples that were accurately identiﬁed divided by the number
of samples tested. The rates of identiﬁcation were compared
between the three preparation methods using the McNemar Chi-




During the study period, a total of 228 blood culture bottles
were identiﬁed as positive for growth of a microorganism by BacT/
ALERT 3D. Following the exclusion of 33 samples with poly-
microbial growth, 195 samples were included in this study. Out of
these 195 monomicrobial samples, 92 Gram-positive cocci,
72 Gram-negative rods, 20 Gram-positive rods, and 11 yeast-like
fungi were identiﬁed by the conventional method or by 16S rRNA
gene sequencing (Table 1).
3.2. Direct identiﬁcation by MALDI-TOF MS
Through MALDI-TOF MS analysis of bacteria obtained directly
from positive blood cultures, 46.7%, 40.0%, and 42.1% of bacteria
were identiﬁed to the species level (score 2.0), and 78.5%, 68.7%,
and 76.4% of bacteria were identiﬁed to the genus level (score
1.7) using the Sepsityper, centrifugation, and saponin methods,respectively (Table 1). The rates of identiﬁcation to the genus level
using the Sepsityper and saponin methods were signiﬁcantly
higher than that using the centrifugation method (Sepsityper vs.
centrifugation: p < 0.001, saponin vs. centrifugation: p = 0.003).
3.3. Identiﬁcation of Gram-positive cocci
A total of 92 Gram-positive cocci were identiﬁed in the blood
culture samples prepared by the conventional method (Table 2). Of
the 92 Gram-positive cocci, 33 (35.9%), 24 (26.0%), and 27 (29.3%)
were correctly identiﬁed to the species level, and 64 (69.6%), 54
(58.7%), and 64 (69.6%) were correctly identiﬁed to the genus level
using the Sepsityper, centrifugation, and saponin methods,
respectively. Most of the identiﬁcation errors occurred with
Staphylococcus epidermidis (Sepsityper method: 15/32, centrifuga-
tion method: 21/32, saponin method: 14/32). With the Sepsityper
method, two Streptococcus mitis strains could not be identiﬁed as
Streptococcus oralis. With the saponin method, one Staphylococcus
capitis strain could not be identiﬁed as Staphylococcus caprae.
3.4. Identiﬁcation of Gram-negative rods
Of the 72 Gram-negative rods identiﬁed by the conventional
method, 55 (76.4%), 54 (75.0%), and 52 (72.2%) were correctly
identiﬁed to the species level, and 70 (97.2%), 69 (75.8%), and 68
(94.4%) were correctly identiﬁed to the genus level using the
Sepsityper, centrifugation, and saponin methods, respectively
(Table 2). Of note, two strains of Klebsiella oxytoca were
misidentiﬁed as Raoultella ornithinolytica by all methods.
3.5. Identiﬁcation of Gram-positive rods and yeast-like fungi
A total of 20 Gram-positive rods and 11 yeast-like fungi were
isolated from the blood culture bottles during the study period
(Table 1). The numbers of correctly identiﬁed Gram-positive rods
to the genus level using the Sepsityper, centrifugation, and saponin
methods were 12 (60%), 9 (45%), and 8 (40%), respectively. For
yeast-like fungi, the numbers of samples identiﬁed to the genus
level by the Sepsityper, centrifugation, and saponin methods were
8 (72.7%), 9 (81.8%), and 9 (81.8%), respectively (Table 2).
3.6. ‘Indirect’ identiﬁcation by MALDI-TOF MS
In a MALDI-TOF MS analysis of subcultured colonies derived
from the 195 positive blood culture bottles, 190 (97.4%) strains
were correctly identiﬁed to the genus level, with a score of 1.7 or
more. The identiﬁcation rate using this method was signiﬁcantly
higher than that by direct identiﬁcation using the saponin method
(97.4% vs. 75.9%, p < 0.001). This was primarily due to the low
identiﬁcation rate of Gram-positive cocci through direct identiﬁ-
cation by the saponin method compared to indirect identiﬁcation
(69.6% vs. 97.8%, p < 0.001). The identiﬁcation rate of Gram-
negative rods using direct identiﬁcation by the saponin method
was comparable to that of indirect identiﬁcation (97.2% vs. 94.4%,
p = 0.47).
4. Discussion
Recently, several studies have evaluated the accuracy of direct
identiﬁcation of blood cultures using different preparation
methods for the MALDI-TOF MS analysis.9–14 These studies
independently determined equivalent identiﬁcation rates between
the saponin and Sepsityper methods, and they both showed the
inferiority of the centrifugation method to the Sepsityper method.
The present study appears to be the ﬁrst published study to
compare two in-house preparation methods (the centrifugation
Table 1
Results of direct identiﬁcation by MALDI-TOF MS analysis of positive blood cultures using the Sepsityper, centrifugation, and saponin methods
Species (identiﬁed by
reference method)
No. Sepsityper method Centrifugation method Saponin method








Species Genus <1.7 No
peak
Miss
ID2.0 1.7–1.999 2.0 1.7–1.999 2.0 1.7–1.999
Aerococcus urinae 1 1 1 1
Enterococcus casseliﬂavus 2 2 2 2
Enterococcus faecalis 6 6 6 4 2
Enterococcus faecium 1 1 1 1
Enterococcus gallinarum 1 1 1 1
Micrococcus luteus 1 1 1 1
Streptococcus anginosus 2 1 1 1 1 1 1
Staphylococcus aureus 10 4 6 3 6 1 6 3 1
Staphylococcus caprae 5 1 2 2 1 2 2 1 2 1
Staphylococcus epidermidis 32 3 14 13 2 1 10 11 10 4 14 13 1
Staphylococcus haemolyticus 6 2 2 2 1 2 3 1 3 2
Staphylococcus capitis 5 2 3 2 3 2 2 1
Staphylococcus hominis 9 7 2 6 2 1 1 6 2
Staphylococcus lugdunensis 1 1 1 1
Staphylococcus dysgalactiae 4 3 1 2 1 1 3 1
Streptococcus mitis 2 2 2 1 1
Streptococcus parasanguinis 1 1 1 1
Streptococcus pneumoniae 1 1 1 2
Streptococcus pyogenes 1 1 1 1
Streptococcus salivarius 1 1 1 1
Achromobacter xylosoxidans 1 1 1 1
Acinetobacter baumannii 3 3 2 1 3
Bilophila wadsworthia 1 1 1 1
Citrobacter freundii 2 2 2 1 1
Enterobacter aerogenes 1 1 1 1
Enterobacter cloacae 6 5 1 5 1 4 2
Escherichia coli 23 20 3 18 5 21 2
Fusobacterium nucleatum 1 1 1 1
Klebsiella oxytoca 3 1 2 1 2 1 2
Klebsiella pneumoniae 9 9 9 9
Moraxella nonliquefaciens 1 1 1 1
Proteus mirabilis 1 1 1 1
Proteus vulgaris 1 1 1 1
Pseudomonas aeruginosa 13 11 2 11 2 11 2
Serratia marcescens 1 1 1 1
Stenotrophomonas maltophilia 5 4 1 1 3 1 5
Bacillus cereus 4 4 1 3 1 1 2
Bacillus subtilis 3 3 3 3
Clostridium perfringens 1 1 1 1
Corynebacterium striatum 5 1 2 1 1 2 1 2 2 2 1
Lactobacillus gasseri 1 1 1 1
Mycobacterium chelonae 1 1 1 1
Propionibacterium acnes 5 1 1 3 1 1 3 1 1 3
Candida parapsilosis 2 1 1 1 1 2
Candida albicans 5 4 1 2 3 4 1
Candida intermedia 1 1 1 1
Candida tropicalis 2 1 1 1 1 2
Rhodotorula mucilaginosa 1 1 1 1
195 91 62 34 4 4 78 56 41 18 2 82 67 35 7 4
46.70% 31.80% 17.40% 2.10% 2.10% 40.00% 28.70% 21.00% 9.20% 1.00% 42.10% 34.40% 17.90% 3.60% 2.10%
S. Yonetani et al. / International Journal of Infectious Diseases 52 (2016) 37–4240and saponin methods) with the Sepsityper kit under uniform
conditions in the MALDI-TOF MS direct analysis of positive blood
cultures.
In this study, the saponin method was comparable to the
Sepsityper method, which is recommended by the manufacturer ofTable 2
Percentage of correct identiﬁcations through direct identiﬁcation by MALDI-TOF MS am
Preparation method Sepsityper method 
Acceptance criteria 2.0 1.7 
Gram-positive cocci 35.9 69.6 
Gram-negative rods 75.0 95.8 
Gram-positive rods 15.0 60.0 
Yeast-like fungi 9.1 72.7 
Total 46.7 78.5 the Microﬂex LT MALDI-TOF MS System, regarding the accuracy of
direct identiﬁcation of bacteria from positive blood culture bottles.
In contrast, the centrifugation method was inferior to the
Sepsityper method. These results are consistent with those of
previous reports evaluating the performance of these threeong 195 monomicrobial blood cultures
Centrifugation method Saponin method
2.0 1.7 2.0 1.7
26.1 58.7 29.3 69.6
73.6 94.4 72.2 94.4
5.0 40.0 15.0 40.0
0.0 36.4 0.0 81.8
40.0 68.7 42.1 76.4
Table 3
Published reports on correct identiﬁcation (ID) rates of direct identiﬁcation by MALDI-TOF MS analysis using Sepsityper, centrifugation, and saponin methods







Juiz et al., 201210 Gram-positive cocci 60 58 96.7% 48 80.0% >1.7
Gram-negative rods 24 23 95.8% 23 95.8% >1.7
Schubert et al., 201111 Gram-positive cocci 341 298 87.4% 191 56.0% >1.5
Gram-negative rods 98 88 89.8% 84 85.7% >1.5
Loonen et al., 201212 Gram-positive cocci 52 34 65.4% 23 44.2% >1.7
Gram-negative rods 47 45 95.7% 43 91.5% >1.7
Meex et al., 201213 Gram-positive cocci 64 38 59.4% 35 54.7% >1.8
Gram-negative rods 40 33 82.5% 36 90.0% >1.8
Martiny et al., 201214 Gram-positive cocci 37 27 73.0% 23 62.2% >1.7
Gram-negative rods 22 15 68.2% 20 90.9% >1.7
Present study Gram-positive cocci 92 64 69.6% 54 58.7% 64 69.6% >1.7
Gram-negative rods 72 69 95.8% 68 94.4% 68 94.4% >1.7
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superiority to the centrifugation method in this study, which has
not been reported in previous studies. In the two studies
evaluating the saponin method, rates of agreement at the genus
level (cut-off score 1.5–1.8) were 90% and 91% for Gram-negative
rods, and 55% and 62% for Gram-positive cocci9,10 (Table 3).
Therefore, the present results (94% identiﬁcation rate for Gram-
negative rods and 70% for Gram-positive cocci) are comparable to
these previous reports regarding the accuracy of identiﬁcation
using the saponin method. While there are minor differences
between the saponin method used in the present study and the
preparation methods using saponin described in the literature,
these results suggest that protein preparation using saponin is
appropriate for the direct identiﬁcation of blood culture bottles by
MALDI-TOF MS analysis.
In the clinical setting, the cost-beneﬁt would be the main
advantage of the saponin method over the Sepsityper method. The
saponin method costs approximately 50 cents per sample, while
the Sepsityper kit costs 7 dollars per sample. Considering the total
number of positive blood cultures (1654) in the last year,
replacement of the Sepsityper kit with the saponin method would
save approximately 10 000 dollars per year in the study hospital.
Regarding the testing time, both the saponin method and
Sepsityper method require approximately 30 min. Thus, the
saponin method offers a less expensive substitute for the
Sepsityper kit in the clinical laboratory.
A notable concern about MALDI-TOF MS direct identiﬁcation
using any preparation method lies in the relatively low identiﬁca-
tion rate of Gram-positive cocci compared to ‘indirect’ identiﬁca-
tion methods. While the reason for this is not clear, there are
several possibilities. First, in order to obtain sufﬁcient protein
extract from Gram-positive bacteria for MALDI-TOF MS, an
extraction method that takes into consideration the thicker cell
wall is needed. Moreover, higher numbers of Gram-positive
bacteria may be required for the analysis compared to the number
of Gram-negative bacteria required. Secondly, high similarities in
protein structures among some Gram-positive cocci might be a
possible reason for misidentiﬁcation. For example, S. mitis was
misidentiﬁed as S. oralis in the direct method with the use of all
three preparation methods. Since these two species have an almost
identical 16S rRNA gene, the mass spectra from these two species
might be similar to each other. In the third, S. capitis identiﬁed by
the conventional method was misidentiﬁed as S. caprae in the
direct method. Since the biochemical characteristics of these two
species are indistinguishable from each other, the conventional
method might have misidentiﬁed some strains of S. caprae as
S. capitis.15–17 In addition, S. epidermidis and Propionibacteriumacnes, which frequently contaminate blood culture bottles, showed
relatively low identiﬁcation scores in the present study. MALDI-
TOF MS uses mass spectra of ribosomal proteins for bacterial
identiﬁcation. Since the ribosomal proteins are abundantly
expressed in the logarithmic phase, fresh, proliferating bacteria
are most suitable for identiﬁcation by MALDI-TOF MS. Therefore,
bacterial contaminants that grow slowly and take a long time for
sufﬁcient proliferation are likely to be misidentiﬁed by MALDI-TOF
MS.18,19 Whatever the reason, results from the direct method
should be evaluated carefully when Gram-positive cocci are
identiﬁed in blood culture bottles.
Among the Gram-negative rods, Klebsiella oxytoca was mis-
identiﬁed as Raoultella ornithinolytica using the three methods.
Methods using MALDI-TOF MS may not be able to distinguish
between these two species as explained by a robust genome-based
phylogeny study, which showed that a uniﬁed Klebsiella cluster
includes the Raoultella spp.20
Several limitations in the present study should be noted. First,
Gram-positive rods and yeast-like fungi were identiﬁed in 20 and
11 samples, respectively, in this study. In particular, a relatively
low identiﬁcation rate (60% by the Sepsityper method and 40% by
the saponin method) was seen in the identiﬁcation of Gram-
positive rods. Direct identiﬁcation by MALDI-TOF MS may not be
appropriate for Gram-positive rods. In addition, polymicrobial
cases were excluded from the present study. Exclusion conditions
for polymicrobial cases were the observation of two or more cells
with Gram staining, or growth of two or more species upon
subculture. It is well known that MALDI-TOF MS analysis can
provide inaccurate results when two or more species are present in
one sample. In polymicrobial cases, sometimes only a single
species can be identiﬁed from among the multiple bacterial species
present, but it is reduced identiﬁcation accuracy.21 While
microscopic screening by Gram staining of the positive blood is
useful in excluding polymicrobial samples, some polymicrobial
samples may be overlooked and subjected to MALDI-TOF MS
analysis, leading to inaccurate bacterial identiﬁcations.
Therefore, conventional techniques for the identiﬁcation of
bacteria cannot be replaced completely by a direct identiﬁcation
technique and MALDI-TOF MS using any preparation method at the
present time.
In conclusion, the saponin method was equivalent to the
Sepsityper method and superior to the centrifugation method in
sample preparation for direct identiﬁcation of bacteria from
positive blood cultures by MALDI-TOF MS analysis. The lower cost
and simple procedure of the saponin method will contribute to
better management practices in identifying blood-borne patho-
gens in the clinical microbiology laboratory.
S. Yonetani et al. / International Journal of Infectious Diseases 52 (2016) 37–4242Authorship declarations
Shota Yonetani developed the ﬁrst draft. All authors contribut-
ed to subsequent drafts and ﬁnalized the manuscript.
Financial support: This study was not funded by any organiza-
tions.
Ethical approval: Because the current study did not involve
human subjects, the Ethics Committee at Kyorin University School
of Medicine exempted this study from requiring ethical approval.
Conﬂict of interest: The authors declare that there are no
conﬂicts of interest.
References
1. Barenfanger J, Drake C, Kacich G. Clinical and ﬁnancial beneﬁts of rapid bacterial
identiﬁcation and antimicrobial susceptibility testing. J Clin Microbiol 1999;
37:1415–8.
2. Stoneking L, Patanwala A, Winkler J, Fiorello A, Lee E, Olson D, et al. Would
earlier microbe identiﬁcation alter antibiotic therapy in bacteremic emergency
department patients? J Emerg Med 2013;44:1–8.
3. Bizzini A, Jaton K, Romo D, Bille J, Prod’hom G, Greub G. Matrix-assisted laser
desorption ionization-time of ﬂight mass spectrometry as an alternative to 16S
rRNA gene sequencing for identiﬁcation of difﬁcult-to-identify bacterial strains.
J Clin Microbiol 2011;49:693–6.
4. Gaillot O, Blondiaux N, Loı¨ez C, Wallet F, Lemaıˆtre N, Herwegh S, et al. Cost-
effectiveness of switch to matrix-assisted laser desorption ionization-time of
ﬂight mass spectrometry for routine bacterial identiﬁcation. J Clin Microbiol
2011;49:4412.
5. Tadros M, Petrich A. Evaluation of MALDI-TOF mass spectrometry and Sepsi-
typer KitTM for the direct identiﬁcation of organisms from sterile body ﬂuids in a
Canadian pediatric hospital. Can J Infect Dis Med Microbiol 2013;24:191–4.
6. Lagace´-Wiens PRS, Adam H, Karlowsky J, Nichol K, Pang P, Guenther J, et al.
Identiﬁcation of blood culture isolates directly from positive blood cultures by
use of matrix-assisted laser desorption ionization-time of ﬂight mass spec-
trometry and a commercial extraction system: analysis of performance, cost,
and turnaround time. J Clin Microbiol 2012;50:3324–8.
7. Galar A, Leiva J, Espinosa M, Guille´n Grima F, Herna´ez S, Yuste JR. Clinical and
economic evaluation of the impact of rapid microbiological diagnostic testing. J
Infect 2012;65:302–9.
8. Kattar MM, Chavez JF, Limaye AP, Rassoulian Barrett SL, Yarﬁtz SL, Carlson LC,
et al. Application of 16S rRNA gene sequencing to identify Bordetella hinzii as
the causative agent of fatal septicemia. J Clin Microbiol 2000;38:789–94.9. Haigh JD, Green IM, Ball D, Eydmann M, Millar M, Wilks M. Rapid identiﬁcation
of bacteria from bioMe´rieux BacT/ALERT blood culture bottles by MALDI-TOF
MS. Br J Biomed Sci 2013;70:149–55.
10. Juiz PM, Almela M, Melcio´n C, Campo I, Esteban C, Pitart C, et al. A comparative
study of two different methods of sample preparation for positive blood
cultures for the rapid identiﬁcation of bacteria using MALDI-TOF MS. Eur J Clin
Microbiol Infect Dis 2012;31:1353–8.
11. Schubert S, Weinert K, Wagner C, Gunzl B, Wieser A, Maier T, et al. Novel,
improved sample preparation for rapid, direct identiﬁcation from positive
blood cultures using matrix-assisted laser desorption/ionization time-of-ﬂight
(MALDI-TOF) mass spectrometry. J Mol Diagn 2011;13:701–6.
12. Loonen AJM, Jansz AR, Stalpers J, Wolffs PFG, van den Brule AJC. An evaluation of
three processing methods and the effect of reduced culture times for faster
direct identiﬁcation of pathogens from BacT/ALERT blood cultures by MALDI-
TOF MS. Eur J Clin Microbiol Infect Dis 2012;31:1575–83.
13. Meex C, Neuville F, Descy J, Huynen P, Hayette M, De Mol P, et al. Direct
identiﬁcation of bacteria from BacT/ALERT anaerobic positive blood cultures by
MALDI-TOF MS: MALDI Sepsityper kit versus an in-house saponin method for
bacterial extraction. J Med Microbiol 2012;61:1511–6.
14. Martiny D, Dediste A, Vandenberg O. Comparison of an in-house method and
the commercial SepsityperTM kit for bacterial identiﬁcation directly from
positive blood culture broths by matrix-assisted laser desorption-ionisation
time-of-ﬂight mass spectrometry. Eur J Clin Microbiol Infect Dis 2012;31:
2269–81.
15. Grant CE, Sewell DL, Pfaller M, Bumgardner RV, Williams JA. Evaluation of two
commercial systems for identiﬁcation of coagulase-negative staphylococci to
species level. Diagn Microbiol Infect Dis 1994;18:1–5.
16. Hirotaki S, Sasaki T, Kuwahara Arai K, Hiramatsu K. Rapid and accurate
identiﬁcation of human-associated staphylococci by use of multiplex PCR. J
Clin Microbiol 2011;49:3627–31.
17. Perl TM, Rhomberg PR, Bale MJ, Fuchs PC, Jones RN, Koontz FP, et al. Comparison
of identiﬁcation systems for Staphylococcus epidermidis and other coagulase-
negative Staphylococcus species. Diagn Microbiol Infect Dis 1994;18:151–5.
18. Bourbeau P, Foltzer M. Routine incubation of BacT/ALERT FA and FN blood
culture bottles for more than 3 days may not be necessary. J Clin Microbiol
2005;43:2506–9.
19. Kirchhoff LV, Sheagren JN. Epidemiology and clinical signiﬁcance of blood
cultures positive for coagulase-negative staphylococcus. Infect Control 1985;
6:479–86.
20. Hudson C, Bent Z, Meagher R, Williams K. Resistance determinants and mobile
genetic elements of an NDM-1-encoding Klebsiella pneumoniae strain. PLoS
ONE 2014;9. e99209.
21. Kohlmann R, Hoffmann A, Geis G, Gatermann S. MALDI-TOF mass spectrometry
following short incubation on a solid medium is a valuable tool for rapid
pathogen identiﬁcation from positive blood cultures. Int J Med Microbiol
2015;305:469–79.
